On CSR in ILCTA
V.Shiltsev 08/17/06

Let’s start with ILCTA parameters :

---------- Forwarded message ----------

Date: Thu, 10 Aug 2006 18:07:15 -0500

From: Sergei Nagaitsev <nsergei@fnal.gov>

To: Vladimir Shiltsev <shiltsev@fnal.gov>

Subject: csr

Can you please estimate the power loss in a 45-degree 
bend for the following beam parameters:

Beam energy:

Stage 1: 250 MeV

Stage 2: 500 MeV

Stage 3: 750 MeV

Bend radius: 1.5 m

Bunch length: 1 ps rms

Emittance: 5 mm-mrad (norm, rms)

Bunch charge: 3.2 nC

# of bunches: 3000

Bunch rep rate: 3 MHz

Train rep rate: 5 Hz

Thanks, Sergei
Practical formulae taken from ref.[1] predict CSR energy loss and energy spread of a short bunch in a section of a band: 
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(1b).  

Distribution of energy loss along the bunch is shown in Fig.1 (one can see that the head actually gains energy). These estimates are correct if a) length of the bend Lb is more than overtaking length 
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 and b) aperture b of the conducting vacuum pipe is not much smaller than “suppression parameter” 
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. If the case of ILCTA with Lb=1.2m,  
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, R=1.5m, Lo=0.25m, b~3 cm, r=2cm – so, both conditions are satisfied. As the result, average energy loss in the band will be 0.45 MeV that gives total CSR power  (5Hz 3000 bunches operation) of 22 W – independent of the beam energy (if the bunch charge and length are the same). Characteristic wavelength of CSR radiation is 100’s of microns (comparable with bunch length). For comparison, high frequency non-coherent SR energy loss of 750 MeV electrons in the same band is 2.4 keV (about 200 times smaller  than due to CSR) so total SR power is about 0.12 W (that one scales with energy as E^4). 

Energy spread induced by CSR – see Eq.(1b) - is also independent of energy and is about 0.28 MeV for ILCTA parameters. Relative energy spread thus is 0.11% , 0.06% and 0.03% for 250MeV, 500MeV and 750MeV bunches, correspondingly. Once again, that energy spread is correlated with s-coordinate along the bunch – see Fig.1 - and in principle can be compensated by properly chosen compensating bend , e.g. as done it two chicanes scheme in Ref.[2]. 
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Fig.1: Energy loss function (triangles) vs longitudinal

Coordinate inside Gaussian bunch (Gaussian distribution

is marked by circles)
In general, longitudinal beam disruption in the bend does not seem to pose big problem in NML facility. In contrast, transverse emittance growth may be unacceptably large. It can be estimated as [1]: 
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That gives emittance growth of 160, 80 and 40 pi for 250 MeV, 500MeV and 750MeV bunches, correspondingly, with NML parameters and beta function in the bend is
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 . Experimental observation of ~7 pi emittance growth of 9GeV, 50 micron long beam passing 1.8 m chicane 0.1 rad magnet  [3] is in decent agreement with Eq.(2). 
REFERENCES
[1] Ya.Derbenev, et.al. “Microbunch Radiative tail-Head Interaction”, TESLA-FEL 95-05, DESY, (Sep.1995). 

[2] P.Emma, R.Brinkmann, “Emittance dilution through coherent energy spread generation in bending systems”,  Proc. 1997 IEEE PAC, p.1679. 

[3] P.Emma, et. al, “Measurements of transverse emittance growth due to CSR”,  Proc. 2003 IEEE PAC, p.3129. 

_1217169523.unknown

_1217314612.unknown

_1217325736.unknown

_1217325860.unknown

_1217314721.unknown

_1217314514.unknown

_1217169510.unknown

